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Process for the manufacture of N-acyl-(epI)K5-amine-0-sulfate- 
derivatives and products thus obtained. 

SUBJECT MAHER OF THE INVENTION 

The present invention concerns new derivatives of K5 polysaccharide 
with a high degree of sulfation, a process for their preparation, new 
highly O-sulfated intermediates useful in their synthesis and 
pharmaceutical compositions containing said derivatives of K5 
polysaccharide as active ingredients basically free of activity on 
coagulation. 

In particular, the invention refers to derivatives of K5 polysaccharide 
obtained starting with a K5 polysaccharide, previously N- 
deocetylated, N-sulfoted. optionally depolymerized or optionally at 
least 20% C5-epimerized and optionally depolymerized, by O- 
oversulfation in suitable conditions and subsequent N-acylation of the 
free amine. 

BACKGROUND OF THE INVENTION 

The glycosaminoglycans such as heparin, heparan sulfate, dermatan 
sulfate, chondroitin sulfate and hyaluronic acid are biopolymers 
extracted industrially from various animal organs. 
In particular, heparin, mainly obtained by extraction from the intestinal 
mucous membrane of pigs or from bovine lung, is a polydispersed 
copolymer with a molecular weight distribution from approximately 
3,000 to approximately 30,000 D consisting ofa chain mixture basically 
consisting of a uronic acid (glucuronic acid or iduronic acid) and of 
an amino sugar (glucosamine) linked by bonds a-l-> 4 or p-1-> 4. In 
heparin, the uronic unit can be O-sulfated in position 2 and the 
glucosamine unit is N-acetylated or N-sulfated, 6-O-sulfated and 3-0- 
sulfated in approximately 0.5% of the glucosamine units present. 
The properties and the natural biosynthesis of heparin in mammals 
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have been described by Lindahl et al., 1986 in Lane, D. and Lindahl, U, 
(Editors) "Heparin. Chemical and Biological Properties; Clinical 
Applications", Edward Arnold, London, Pages 159-190, by Lindahl, U, 
Feingold D. S. and Roden L 1986 TIBS, 11, 221-225 and by Conrad H. E. 
•'Heparin Binding Proteins", Chapter 2: Structure of Heparinoids. 
Acadennic Press, 1 998. The biosynthesis of heparin occurs starting with 
its N-ocetyl-heparosan precursor consisting of a chain nriixture 
consisting ofthe repetitive glucuronyl-p-1 -►4-N-acetylglucosannine 
disaccharide unit. Said precursor undergoes enzymatic nnodifications 
which partially hydrolyse the N-acetyl group, substituting it with an SOa* 
group, epimerize the corboxy in position 5 of a port of the glucuronic 
units transforming them into iduronic units and introducing O-sulfate 
groups to get a product which, once extracted industrially, has 
approximately double the number of sulfate groups as regards 
carboxy groups per disaccharide unit. These enzymatic modifications 
lead, i.a. to the formation of the pentasaccharide region of a bond to 
antithrombin III (ATIII), called active pentasaccharide, which is the 
structure necessary for the high affinity bond of heparin to ATIII and 
fundamental for anticoagulant and antithrombotic activity of the 
heparin itself. This pentasaccharide, present inside only some of the 
chains which form heparin, contains a sulfated glucosamine unit in 
position 3 and a glucuronic acid spaced out between disaccharides 
containing iduronic acids. 

In nature, the formation of the active pentasaccharide is made 
possible by the epimerization reaction of the carboxy of a part of the 
glucuronic units into iduronic units carried out by the glucuronyl-C5- 
epimerase (C5-epimerization) and by suitable sulfation which also 
leads to the introduction of a sulfate group on the hydroxyl in position 
3 of the glucosamine. More particulariy, in nature the formation of the 
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active pentasaccharide is made possible by thie fact ttiat C5- 
epimerization occurs in clusters, i.e. on portions of chains, and 
extensively vs^hich leads to a product which contains more iduronic 
units than glucuronic ones. In fact, commercial heparin contains 
approximately 70% of iduronic units and 30% of glucuronic units. 
Alongside the main anticoagulant and antithrombotic activities, 
heparin also exercises antilipaemic, antiproliferative, antiviral, 
antitumorous and antimetastatic activities, but its use as a drug is 
hindered by the side effects due to the anticoagulant action which 
can cause bleeding. 
PRIOR ART 

It is known that the capsular K5 polysaccharide Isolated from 
Escherichia coli, described by Vann W. F. et a!., in European Journal of 
Biochemistry. 1981, 116. 359-364 ("Vann 1981"). is consisting of a chain 
mixture consisting ofthe repetitive disaccharide unit glucuronyl-p-1^4- 
N-acetyl glucosamine and therefore shows the same repetitive 
sequence (A) 



of N-acetyl-heparosan precursor of heparin. The capsular K5 
polysaccharide, referred to hereafter as "K5 polysaccharide" or more 
simply "K5", was chemically modified by Lormeau et al. as described 
in US 5,550.116 and by Casu et al. as described in Carbohydrate 
Research. 1994, 263. 271-284. K5-0-sulfates having antitumorous, 
antimetastatic, antiviral, in particular anti-HIV activities are described 
in EP 333243 and WO 98/34958. The K5 was also chemically and 
enzymatically modified in order to obtain products having in vitro 
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biological activity on coagulation of the sanne type as that of heparin 
as extracted fronn animal organs (extractive heparin). 
The attainment of the products having on activity on coagulation of 
the same type as that of extractive heparin occurs by processes v/hich 
Imitate that occurring In nature and envisage the entire key step of 
C5-epimerization with D-glucuronyl C5 epimerase. 
The processes described In IT 1230785, WO 92/17507, WO 96/14425 
and WO 97/4331 7 utilize K5 as the starting material. The K5 originating 
from fermentation is subjected to N-deacetylation followed by N- 
sulfation and on the K5-N-sulfate thus obtained C5-epimerization with 
C5-epimerase in solution is performed, obtained either by 
chromatography of a solution of microsomal enzymes from mouse 
mastocytoma {IT 1230 785) or from bovine liver (WO 92/17507, WO 
96/14425 and WO 97/43317). 

The D-glucuronyl C5 epimerase from bovine liver was purified by 
Campbell, P. et ol. in J. Biol. Chem., 1994, 269/43, 26953-26958 
("Campbell 1994") who also provided its composition in amino acids 
and described its use in solution for the transformation of a K5-N-sulfate 
into the corresponding 30% epimerized product, demonstrating the 
formation of Iduronic acid by HPLC method followed by total nitrous 
depolymerization to disaccharide. 

The document WO 98/48006 describes the DNA sequence which 
codes for the D-glucuronyl C5 epimerase and a recombinant D- 
glucuronyl C5 epimerase, obtained from a recombinant expression 
vector containing sold DNA, aftenA^ards purified by Campbell et al. as 
shown by Jin-Ping L. et al. in J. Biol Chem. 2001, 276, 20069-20077 ("Jin- 
Ping 2001"). 

The complete sequence of the C5-epimerase was described by 
Crawford B. E. et al. in J. Biol. Chem., 2001. 276(24), 21538-21543 
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(Crawford 2001 ) 

The document WO 01/72848 describes a method for the preparation 
of N-deacetylated N-sulfate derivatives of K5 polysaccharide, at least 
40% epimerized of iduronic acid as regards the total of the uronic 
acids, having a molecular vy^eight from 2000 to 30.000. containing from 
25 to 50% of high affinity chains for ATlil and having an anticoagulant 
and antithrombotic activity expressed as HCII/antiXa ratio from 1 .5 to 
4. Said document describes the oversulfation of a 40-60% epimerized 
K5-N-sulfate and shows that the product obtained, whose 13C-RMN is 
illustrated, has a sulfate group content per disaccharide unit of 2-3.5. 
Repeating the aforesaid oversulfation in the conditions described and 
examining the i3C-RMN it is ascertained that the product obtained is 
actually a free amine whose content of 6-O-sulfate is 80-95%, that of 3- 
O-sulfate on the amino sugar is 30%, but whose sulfation degree is 3.2. 
It is also ascertained that in the conditions of oversulfation described in 
WO 01/72848 a sulfation degree of more than 3.2 is not obtained. 
The patent application MI2001 A/00397 (WO 02/068477). describes K5- 
N.O-oversulfated having a sulfation degree of more than 3.2, 
obtained starting with a K5 free of lipophilic substances or one of its 
moieties of molecular weight of approximately 5,000 by (a) N- 
deacetylation/N-sulfation. (b) O-oversulfation and. optionally, (c) N- 
resulfation. 

None of the aforesaid documents describes LMW-K5-N-sulfates. 

optionally 40-60% epimerized, in which NH2 or acetyl groups are 

virtually absent. > 

In order to standardize the terminology and render the text more 

comprehensible, in the present description conventional terms or 

expressions will be used, in the singular or plural. In particular: 

- by "K5" or "K5 polysaccharide" is meant the capsular 
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polysaccharide from Escherichia coli obtained by fermentation, i.e. a 
chain mixture consisting of disaccharide units (A) optionally containing 
a double bond at the non-reducing end as shown above, in any case 
prepared and purified according to the methods described in 
literature, in particular according to Vann 1981, according to Manzoni 
M. et al.. Journal of Bioactive Compatible Polymers, 1996, 11, 301-311 
("Manzoni 1996") or according to the method described in WO 
01/72848 and in WO 02/068447; it is obvious for a person skilled in the 
art that what is shown hereafter can be applied to any N- 
acetylheparosan; 

- by "C5-epimerase" is meant the D-glucuronyl C-5 epimerase. 
extractive or recombinant, in any case prepared, isolated and 
purified, in particular as described in Campbell 1994, in WO 98/48006, 
in Jin-Ping L et al. in J. Biol Chem. 2001, 276. 20069-20077 (Jin-Ping 
2001 ") or in Crawford 2001 ; 

- by K5-amlne is meant at least 95% N-deacetylated K5, but generally 
in which acetyl groups are undetectable by a current NMR apparatus; 

- by "K5-N-sulfate" is meant at least 95% N-deacetylated and N-sulfate 
K5 as described hereafter, but in which acetyl groups are 
undetectable with a normal NMR apparatus; 

- by "epiK5" is meant the K5 and its derivatives in which 20-60% of the 
glucuronic units are C5-epimerized to iduronic units; 

- by "epiK5-N-sulfate" is meant the K5-N-sulfate in which 20-60% of the 
glucuronic units is C5-epimerized to iduronic units of the type 
described in WO 92/1 7507 or WO 01 /72848; 

- by "epiK5-amine-0-oversulfate" is meant an O-sulfated epiK5-amine 
with a sulfation degree of at least 3.4; 

- by "N-acyl-epiK5-amine-0-oversulfate" is meant an N-acylated 
epiKS-amine O-oversulfate. with a sulfation degree of at least 3.4; 
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- by "K5-amlne-0-oversulfate*' is meant an O-sulfated K5-amine with a 
sulfation degree of at least 2.2; 

- by "N-acyl-K5-amine-0-oversulfate" is meant an N-acylated N-acyl- 
K5-amine-0-oversulfate with a sulfation degree of at least 2.2; 

In addition: 

- the conventional terms and expressions herein defined above refer 
to K5 as isolated after fermentation, generally with a molecular weight 
distribution from approximately 1.500 to approximately 50,000 with a 
mean molecular weight of 10.000- 25,000, advantageously of 15,000- 
25,000; 

- excepting specific designation of the molecular weight, the 
conventional terms and expressions herein defined above, when 
preceded by the acronym "LMW" {low molecular weight), for 
example LMW-K5-N-sulfate, LMW-epiK5-N-sulfate indicate low 
molecular weight products, having a mean molecular weight of up to 
12,000; 

- the conventional terms and expressions as herein defined above, 
when followed by "-derivative" indicate as a whole both the 
derivatives from native K5 and those of a low molecular weight; 

- the prefix "(epi)", which precedes "K5" in conventional terms and 
expressions as herein defined above, indicates as a whole both the 
products from native K5 and those 20-60% epimerized as defined 
above, i.e. chain mixtures all consisting ofglucuronic acid or 
glucuronic acid and, 20-60%, of iduronic acid and is denoted in the 

formulae by the symbol "; 

- by the term "approximately" referring to the molecular weight is 
meant the molecular weight (± the theoretical weight of a 
disaccharide unit, including the weight of the sodium, calculated as 
461 in the case of an (epi)K5-N-sulfate-derivativel measured by 
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viscometry according to Johnson et ol. Corb. Res. 1976, 51. 119-127 
utilizing samples whose nnolecular weight was calculated by HPLC as 
the standard; 

- by the expression "preponderant species", is meant the compound 
which, in the mixture constituting a lmw-(epi)K5-N-sulfate, a Imw- 
(epi)K5-amine-oversulfate or a lmw-N-acyl-(epi)K5-amine-0- 
oversulfote, is the most represented type, determined by the peak of 
the cun^e of the molecular weight measured by HPLC; 

- unless otherwise specifically stated, by "degree of sulfation" is meant 
the SOa/COO- ratio, expressible also as the number of sulfate groups 
per disoccharide unit, measured with the conductometric method 
described by Casu B. et al. in Carbohydrate Research, 1975, 39, 168- 
176 (Casu 1975), the same utilized in WO 01/72848; 

- by "conditions of O-oversulfation" is meant an extreme O-sulfation 
performed for example according to the method C described by B. 
Casu et al. in Carbohydrate Research. 1994, 263. 271-284 (Casu 1994); 

- by the term "alkyi" is meant a linear or branched alkyi, whereas the 
term "tetrabutylammonium" indicates the tetra-n-butylammonium. 
SUMMARY OF THE INVENTION 

It has now been found that, starting with an epiK5-N-sulfate, it is 
possible to obtain an epiK5-amine-0-sulfate with a degree of sulfation 
greater than that of every other epiK5-amine-0-sulfate described in 
literature, for example in WO 01/72848, preparing the salt with a 
tertiary or quaternary organic base of said epiK5-N-sulfate-derivative 
taking care to let the reaction mixture to stand for a time period of 30- 
60 minutes maintaining the pH at approximately 7 with the same 
organic base and then treating the salt obtained with an O-sulfation 
reagent in the conditions of O-oversulfation. Also a lmw-eplK5-N- 
sulfate. when subjected to the same method of salification and of O- 
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oversulfation, gives a lmw-epiK5-amine-0-sulfate with an extremely 
high degree of sulfation. In the case of such epi-K5-annine-oversulfate- 
derivatives the degree of sulfation is nnore than 3.2. 
Similarly, it was found that, applying the conditions of O-oversulfation 
described above to a lmw-K5-N-sulfate a lmvy^-K5-amine-0-sulfate is 
obtained at a high degree of sulfation. Also a K5-N-sulfate, when 
subjected to the same method of salification and of O-oversulfation, 
gives a K5-amine-0-sulfate with a high degree of sulfation. In the case 
of such K5-amine-oversulfate-derivatives the degree of sulfation is 
more than 2.2. 

In fact, it was surprisingly found that, preparing the 
tetrabutylammonium salt of an (epi)K5-N-sulfate-derivative in the 
aforesaid conditions, the salification becomes complete and, during 
the subsequent O-oversulfation, favours the total displacement of the 
sulfate group from the nitrogen atom in position 2 of the glucosamine 
to the oxygen atoms of the glucosamine itself, in particular to the 
oxygen atom in position 3, thus giving rise to (epi)K5-amine-0-sulfate- 
derivatives with a high degree of sulfation in which the NHa group is 
strictly free. The quantitative difference in sulfation degree of the 
derivatives epilCS and K5 depends on their configuration which favours 
the sulfation of the epimerized derivatives. 

It has also been found that, subjecting an (epi)K5-amine-0- 
oversulfate-derivative thus obtained to N-acylation, new N-acyl- 
(epi)K5-amine-0-sulfate-derivatives are obtained free of activity on 
coagulation and useful for the preparation of pharmaceutical or 
cosmetic compositions. By this new and versatile process it is thus 
possible to prepare in a reproducible manner epiK5-0-sulfate- 
derivatives, their N-acyl analogues, a K5-0-sulfate having a precise 
degree of sulfation and, above all, its derivatives of low molecular 
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weight and their N-acyl-analogues. 
BRIEF DESCRIPTION OF THE FIGURES 

Figure 1 shows the NMR proton spectrunr) of KS-NHa O-sulfate with a 
sulfate/carboxy ratio of 2.87 (obtained according to Example 1); 
Rgure 2 shows the NMR proton spectrum of epiK5-N-acetylate, O- 
sulfate with a sulfate/carboxy ratio of 4.26 (obtained according to 
Example 2); 

Figure 3 shows the NMR proton spectrum of K5-N-acetylate, O-sulfate 
with a sulfate/carboxy ratio of 2.87 (obtained according to Example 
3). 

DETAILED DESCRIPTION 

Thus, according to one of its aspects, the present invention provides a 
process for the preparation of N-acyl-(epi)K5-amine-0-oversulfate- 
derivatives, characterized In that 

(a) an {epi)K5-N-sulfate-derivative, in acidic form, is treated with a 
tertiary or quaternary organic base, letting the reaction mixture to 
stand for a time period of 30-60 minutes, maintaining the pH of the 
solution at a value of approximately 7 and Its salt is isolated with said 
organic base; 

(b) said salt of organic base of said (epi)K5-N-sulfate-derivative is 
treated with an O-suIfation reagent in the conditions of O- 
oversulfation; 

(c) the product thus obtained is treated with a functional derivative of 
a (C2-C4) carboxylic acid, the N-acyl-(epi)IC5-amine-0-oversulfate- 
derivative thus obtained is isolated. 

Generally the N-acyl-(epi)K5-amlne-0-oversulfate-deri votive is isolated 
in sodium salt form and optionally said sodium salt is transformed into 
another chemically or pharmaceutically acceptable salt. 
In this context, the term "chemically acceptable" refers to a cation 
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usable in chemical synthesis, such as the ions sodium, ammonium, (Ci- 
C4)tetraalkylammonium, or for the purification of the product, whereas 
"pharmaceutically acceptable" is self-explanatory. 
Advantageous cations are those derived from alkaline metals, 
alkaline-earth metals, ammonium, (Ci-C4)tetraalkylammonium. 
aluminum and zinc. Preferred cations are the sodium, calcium and 
tetrabutylammonlum ions. 

According to on advantageous procedure, the step (a) is carried out 
by passing a solution of the sodium salt of the{epi)K5-N-sulfate- 
derivative, i.e. of K5 polysaccharide, previously N-deacetyloted, N- 
sulfated preferably 100%, optionally 20-60% C5-epimerized and 
optionally depolymerized with nitrous add, having a mean molecular 
weight from approximately 1,000 to approximately 25,000, 
advantageously from approximately 1,500 to approximately 25,000. 
through on acid ionic exchange resin, for example of the type IR-120 
H+, collecting the eluate including also the washing water of the resin 
and neutralizing the eluate with tertiary or quaternary organic base, 
preferably with an aqueous solution of tetrabutylammonlum 
hydroxide. The solution is let to stand for 1 hour, maintaining its pH at 
approximately 7 (i.e. trying to maintain neutrality) by addition of the 
same tertiary or quaternary organic base, preferably an aqueous 
solution of tetrabutylammonium hydroxide, and the salt thus obtained 
is recovered by lyophilizotion. 

In step (b), the O-oversulfation occurs utilizing an excess of O-sulfating 
agent and working at a temperature from 20 to 70*C for a time period 
of up to 24 hours in an aprotic polar solvent. 

Advantageously, the salt with a tertiary or quaternary organic base of 
the(epi)K5-N-sulfate-derivative, i.e. of K5 polysaccharide, previously N- 
deacetylated, N-sulfated preferably 100%, optionally 20-60% C5- 
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epimerized and optionally depolymerlzed with nitrous acid, having a 
mean molecular weight from approximately 1,500 to approximately 
25,000 OS isolated in step (a), is dissolved in dimethylformamide and 
treated with 2-10 moles of an O-suifotion reagent for every free 
hydroxyl at a temperature of 40-60*C for 10-20 hours. As the O-sulfation 
reagent is advantageously used the pyridlne,S03 adduct in a quantity 
of 2.5 - 5 moles, preferably 2.5 - 4 moles per free hydroxyl per 
disaccharide and the reaction Is advantageously carried out at 50- 
60*'C, preferably at 55'*C overnight. The product obtained upon 
termination of the reaction is isolated by the addition of 0.1-1 volume 
of water and neutralization, preferably with sodium hydroxide, 
precipitation with a saturated sodium chloride solution in acetone, 
filtration and possible ultrafiltration. 

The product thus obtained is generally the sodium salt of an (epi)K5- 
amine-O-oversulfate-derivative having a glucuronic and iduronic 
acids content as shown above. When the oversulfation reaction is 
performed on the salt of the tertiary or quaternary base, preferably on 
the tetrabutylammonium salt of an epiK5-N-sulfate-derivative having a 
mean molecular weight from approximately 1,000 to approximately 
25.000, advantageously from approximately 1,500 to approximately 
25.000 in which the iduronic acid is 20-60% of the total of the uronic 
acids, an epiK5-amine-0-oversulfate-derivative is obtained having a 
mean molecular weight from approximately 3.500 to approximately 
40,000, advantageously from approximately 4,500 to approximately 
40,000, and a sulfation degree of at least 3.4, advantageously of at 
least 3.5, more advantageously from 3.55 to 4, preferably from 3.55 to 
3.8. 

When the oversulfation reaction is performed on the salt of the tertiary 
or quaternary base, preferably on the tetrabutylammonium salt of a 
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K5-N-sulfate-derivative having a mean molecular weight from 
approximately 1,500 to approximately 25,000, a K5-amine-0- 
oversulfate-derivatlve is obtained having a mean molecular weight 
from approximately 3,500 to 40,000. advantageously from 
approximately 4,500 to approximately 40,000 and a sulfation degree 
of at least 2.2, advantageously from 2.2 to 3 or from 2.3 to 3, more 
advantageously from 2.5 to 3, preferably from 2.7 to 2.9. Preferably, 
the product thus obtained comes from a lmw-K5-N-sulfate and is 
preferably the sodium salt of a lmw-K5-amine-0-oversulfated having a 
degree of sulfation from 2.3 to 3. The mean molecular weight of such 
product con be from approximately 3,500 to approximately 1 1 ,000. 
The sodium salt thus obtained can be converted into another salt. By 
way of example, calcium ionic exchange can be performed working 
with on ultrafiltration membrane. 

In step (c). the (epi)K5-amine-0-oversulfate-derivative with a high 
degree of sulfation is N-acyloted utilizing the known methods in 
literature. 

The N-ocylotion is performed by making the (epi)K5-amine-0- 
oversulfate-derivative originating from step (b) react with a functional 
derivative of a mono or dicorboxylic acid containing from 2 to 4 
carbon atoms in hydroolcoholic solution at a temperature of 
approximately 4°C. As functional derivatives of said (C2-C4) carboxylic 
acids, preferably of acetic, propionic, malonic, or succinic acid or of 
mono esters, in particular methylic or ethylic, of the latter, one can use 
the anhydride, the chloride, a mixed anhydride or an active ester. The 
product obtained, on N-(C2-C4)acyl-(epi)K5-amine-0-oversulfate- 
derivotive, is neutralized with a base, preferably sodium hydroxide, 
and then isolated by ultrafiltration and precipitation with a saturated 
sodium chloride solution in acetone. Optionally the step of N-ocylotion 
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is repeated until obtaining total substitution or however nnore ttian 
95%. Are thus obtained the N-acyl-(epi)K5-amine-0-oversulfates, in 
particular the N-acetyl-, N-(2-carboxy)acetyl-, N-(2- 
methoxycarbonyl) acetyl-, N-(2-ethoxycarbonyl)acetyl-, N-propionyK 
N-(3-carboxy)propionyl-, N-(3-methoxycarbonyl)propionyl-, N-(3- 
ethoxycarbonyl) propionyl-(epi) K5-amine-0-oversulfates. 
The new N-acyl-(epi)K5-annine-0-oversulfate-derlvatlves thus obtained 
are generally in their sodlunn salt forms. Said sodium salt can be 
converted into another chemically or pharmaceutically acceptable 
salt. Particularly advantageous salts are those of alkaline metals, 
alkaline-earth metals, of ammonium, (Ci-C4)tetraalkylammonium, 
aluminum and zinc. The salts of sodium, calcium and 
tetrabutylammonium are preferred. 

Unlike the process described in WO 98/34958, which consists in a 
sulfation in heterogeneous phase of the K5 sodium salt to obtain K5-0- 
sulfates (according to the terminology used herein "N-acetyl-K5- 
amine-O-sulfates") with a degree of sulfation from 0.5 to 4 and which 
has to resort to the use of chlorosulfonic acid to obtain derivatives of 
low molecular weight In an uncontrolled manner, the process of the 
present invention is extremely versatile. In fact, it allows the 
preparation of N-acyl-K5-amine-0-oversulfates of every type in very 
high yields, with easily controllable reactions. In particular, the process 
of the present invention allows the preparation of N-acyl-K5-amine-0- 
oversulfates otherwise unobtainable, like the epimerized C-5 
derivatives, the N-ocylated derivatives with a different acyl from the 
acetyl present in the native K5 and the derivatives of low molecular 
weight. Besides, unlike the method described in WO 98/34958, the 
process of the present invention allows the attainment of LMW-K5-0- 
sulfates in controlled manner in order to obtain the mean molecular 
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weight desired and, above all. a well defined sulfation degree which 
can range from 2.3 to 3 but which can regularly be 2.7-2.9. Finally, all 
the products of the process of the present invention, in particular the 
free intermediate amines and the N-acyl-K5-amine-0-oversulfates are 
useful active ingredients for pharmaceutical or cosmetic 
compositions. 

The starting materials of step (a) are (epl)K5-N-sulfate-derivatlves 
known in literature or their moieties, or LMW-(epi)K5-N-sulfates 
prepared by nitrous depolymerization of the corresponding (epi)K5- 
sulfates. 

The starting (epi)K5-N-sulfate-derivatlves have a mean molecular 
weight from approximately 1,000 to approximately 25,000. 
advantageously from approximately 1.500 to approximately 25,000. 
Preferably, as starting material is used an (epi)K5-N-sulfate having a 
mean molecular weight between 10,000 and 25.000 or LMW-(epi)K5-N- 
sulfate having a mean molecular weight from approximately 1 ,500 to 
approximately 12,000, advantageously from approximately 1,500 to 
approximately 8,000, preferably from approximately 1,500 and 
approximately 7,500. 

A lmwepiK5-N-sulfate having an iduronic units content of 
approximately 20%, obtained by N-deacetylation, N-sulfation and C5- 
epimerization of a moiety of K5 having a mean molecular weight of 
5.000 is described in WO 92/17507, but this product contains a high 
percentage of acetyl groups. 

An epiK5-N-sulfate particulariy advantageous as starting material is 
that obtained by epimerization of a K5-N-sulfate virtually free of acetyl 
groups in turn prepared from particulariy pure IC5, in particular not 
containing lipophilic substances, described in WO 02/068477. 
The low molecular weight C5-epimerized K5-N-sulfates having a higher 
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content of iduronic units, in particular 40-60%, preferably 50-55%. are 
instead particularly advantageous new products as starting materials 
in the preparation of the N-substituted epiK5-amine-0-oversulfated- 
derivatives of the present invention. 

The LMW-epiK5-N-sulfates can also be obtained by C5-epimerization 
of the corresponding LMW-K5-N-sulfates, preferably when their mean 
molecular weight is more than 4,000. The LMW-K5-N-sulfates virtually 
free of acetyl groups are all new products preparoble by fractionation 
or, preferably, by depolymerization of a K5-N-sulfate free of acetyl 
groups. The K5-N-sulfate is well known in literature and is described in 
documents cited herein above to illustrate the state of the art. The 
aforesaid starting material is invariably obtained by N-deacetylatlon of 
K5 and subsequent N-sulfation of the K5-amine thus obtained. 
However, it was ascertained that the preparation of a K5-N-sulfate 
virtually free of acetyl or NH2 groups is helped if the K5 from which it is 
prepared is particularly pure, in particular if it does not contain 
lipophilic substances. It is therefore preferred, according to the present 
invention, to use a starting K5-N-sulfate prepared from a purified K5 as 
described in WO 02/068477. Said K5-N-sulfate, whose laC-RMN 
spectrum does not show traces of N-acetyl or NH2 groups is also 
described in WO 02/068477. 

The new LMW-epiK5-N-sulfates as shown above are prepared by a 
process characterized in that a K5-N-sulfate is subjected, in any one 
order, 

(i) to C5-epimerization with a D-glucuronyl C5-epimerase that is isolated, 
purified and in solution or immobilized on a solid support, at a pH of 
approximately 7, at a temperature of approximately 30*0 and for a 
time period of 1 2-24 hours in the presence of at least one bivalent ion 
selected among calcium, magnesium, barium and manganese; and 
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(ii) to nitrous depolymerization optionally followed by reduction, normally 
with sodiunn borotiydride. 

The expression "in any order" shows that the process con be 
indifferently carried out both in the direction (i)-(ii). i.e. in the sequence 
above indicated, and in the reverse direction, i.e. also in the direction 
|ii)-(i), subjecting the K5-N-sulfate at first to the nitrous depolynnerization 
reaction, optionally followed by reduction with sodiunn borohydride. 
and afterwards to the C5-epimerization in the aforesaid conditions. 
The preferred order is in the direction (i)->(ii). The sequence (ii)-(i) is 
preferably utilized starting with LMW-K5-N-sulfates having a nnean 
molecular weight of more than 4000, preferably starting with 
approximately 6,000. For example, one can determine the amounts of 
sodium nitrite which, starting with 1 g of epiK5-N-sulfate. allow the 
attainment of a lmw-epiK5-N-sulfate with a molecular weight of more 
than 4,000, in particular of at least 6,000, so as to obtain useful 
intermediates for the preparation of LMWepiK5-N,0-oversulfates. In 
fact, in this case, in step (ii) the percentage of optimum epimerization 
is obtained. 

According to a preferential aspect of the invention, the C5-epimerase 
is immobilized on an inert solid support. 

The C5-epimerase, preferably recombinant, isolated and purified for 
example according to Campbell 1994. WO 98/48006, Jin-Ping 2001 or 
Crawford 2001, is immobilized on an inert support in the presence of 
the substrate, i.e. in the presence of starting K5-N-sulfate-derivative or 
in the presence of LMW-K5-N-sulfate, advantageously having a mean 
molecular weight of more than 4,000, preferably of at least 6,000. The 
immobilization is performed according to conventional methods, for 
example as described in WO 01/72848. 

The C-5epimerization reaction is carried out by recirculating 20-1 ,000 



17 



wo 2003/106505 



PCT/IB2003/002339 



ml of a solution of 25 mM HEPES at a pH of approximately 7 containing 
0.001-10 g of substrate {K5-N-sulfate or LMW-K5-N-sulfate, preferably 
witti a molecular weight of more than 4.000. in particular of at least 
6,000) and a cation selected among calcium, magnesium, barium 
and manganese at a concentration between 10 and 60 mM through 
a column containing from 1.2 x lOMo 3 x 10" cpm of the immobilized 
enzyme, maintaining the pH at approximately 7 at approximately 
30'*C, at a flow of 30-220 ml/hour for a time period of 12-24 hours, 
advantageously of 1 5-24 hours. 

Preferably the said solution is recirculated at a flow of approximately 
200 ml/hour overnight (15-20 hours). The product obtained is purified 
and separated according to known methods, for example by 
ultrafiltration and precipitation with ethanol. The product thus 
obtained is comprised either of epiK5-N-sulfate (and in such cose is 
dissolved in water and subjected to depolymerization) or of LMW- 
epiK5-N-sulfate (in such case it constitutes the end product). The 
percentage of epimerlzation, in practice the amount of iduronic units 
as regards the glucuronic ones, is calculated with 'H-RMN according 
to the method described in WO 96/4425. 

The nitrous depolymerization reaction is carried out according to 
known methods by the depolymerization of heparin, for example 
according to the method described in EP 37319, in WO 82/03627 or 
according to the method by depolymerization of a K5-N-sulfate 
described in EP 544592, but starting with a K5-N-sulfate or an epiK5-N- 
sulfate containing from 0 to no more than 10%, preferably no more 
than 5%, of acetyl groups. Preferably, the depolymerization, 
performed with sodium nitrite and hydrochloric acid on an eplK5-N- 
sulfate virtually free of acetyl groups, is followed by in situ reduction 
with sodium borohydride. 
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In practice, a cold aqueous solution of epiK5-N-sulfate is brought to 
acid pH (approxinnately 2) with hydrochloric acid and, still cold, 
treated with sodium nitrite maintaining the temperature 
(approximately 4''C) and the pH (approximately 2) constant and, 
upon termination of depolymerization (approximately 15-30 minutes) 
the solution is neutralized with sodium hydroxide and treated, still at 
approximately 4®C, with an aqueous solution of sodium borohydride. 
Upon termination of the reduction (approximately 4 hours) the excess 
sodium borohydride is destroyed with hydrochloric acid, the solution is 
neutralized with sodium hydroxide and the depolymerized (and 
reduced) product is isolated according to known methods, for 
example by straightforward precipitation with ethanol or acetone. 
The product obtained upon termination of the depolymerization can 
be either a lmw-epiK5-N-sulfate (in such cose it constitutes the end 
product) or a lmw-K5-N-sulfate (and in such case is directly subjected 
to C5-epimerization as shown herein above, after isolation or also in 
solution without being previously isolated), in particular when it has a 
mean molecular weight of more than 4,000, preferably of at least 
6,000, or is utilized to prepare LMW-K5-N,0-oversulfated of 
ontiongiogenetic and antiviral activity. By appropriately controlling 
the depolymerization reaction, in particular utilizing different amounts 
of sodium nitrite/hydrochloric acid, LMW-K5-N-sulfates or LMW-epiK5-N- 
sulfotes are obtained having a mean molecular weight in the entire 
interval from approximately 1,500 to approximately 12,000, 
advantageously from approximately 1,500 to approximately 10,000, 
preferably from approximately 1,500 to approximately 7,500, 
calculated at the '^C-RMN spectrum through the integration of the 
signal attributed to the C2 of the 2,5-anhydromannitol with that of the 
anomeric carbon of the glucosamine inside the polysaccharide chain. 
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According to a general procedure starting for exonnple with 1 g of K5- 
N-sulfote or of epiK5-N-sulfate, the starting product is dissolved in 100- 
200 ml of deionized water and thermostated at 4 "C. Then an amount 
of sodium nitrite is added so as to obtain the mean molecular weight 
desired, for example from approximately 2.000 to approximately 4,000. 
Therefore, starting with an epiK5-N-sulfate having a molecular weight 
of 20,000 measured with HPLC method equipped with a BioRad BioSil 
250 column and utilizing a heparin standard of known molecular 
weight, will require the addition of from 330 to 480 mg of sodium nitrite 
dissolved in a 0.2% aqueous solution. The solution containing the 
epiK5-N-sulfate and the sodium nitrite, kept at 4**C, is brought to pH 2 
through addition of 0.1 N HCI cooled to A^C. It is reacted under slow 
agitation for 20-40 minutes, then is neutralized with 0.1 N NaOH. The 
product obtained is brought to room temperature and treated with 
reducing agent such as for example sodium borohydride (250-500 mg 
dissolved in 50-100 ml of water) and reacted for 4-8 hours. The excess 
sodium borohydride is eliminated bringing the pH to 5-5.5 with 0.1 N 
HCI and let to stand for a further 2-4 hours. In the end it is neutralized 
with 0.1 N NaOH and the product is recovered by precipitation with 
acetone or ethanol after having concentrated the product through 
evaporation at reduced pressure. 

Similoriy, the amounts of sodium nitrite can be determined which, 
starting with 1 g of K5-N-sulfate or of epiK5-N-sulfate. allow the 
attainment of a lmw-K5-N-sulfate or a lmw-eplK5-N-sulfate with a 
mean molecular weight from approximately 4,000 to approximately 
12,000, advantageously from approximately 4,000 to approximately 
7,500, in particular of 6,000-7,500. 

The LMW-epiK5-N-sulfates thus obtained, with an iduronic acid content 
from 20 to 60%, advantageously from 40 to 60%, preferably of 50-55% 
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and virtually free of NH2 and N-acetyl groups, having a mean 
molecular weight from approximately 1,500 to approximately 12,000, 
advantageously from approximately 1,500 to approximately 10,000, 
preferably from approximately 1,500 to approximately 7,500 and their 
chemically or pharmaceutically acceptable salts constitute new 
products useful as starting materials In the preparation of particularly 
Interesting LMW- eplK5-N,0-oversulfates, but also themselves useful as 
active ingredients ot pharmaceutical or cosmetic compositions and 
constitute an additional aspect of the present invention. 
Advantageously, the starting materials in the preparation of the N- 
acyl-(epi)K5-amine-0-oversulfate-derivatives of the present invention 
are {epi)K5-N-sulfate-derivatives consisting of a chain mixture in which 
at least 90% of said chains have the formula I 



in which the glucuronic units/iduronic units ratio is from 100/0 to 40/60, 
n is a integer from 2 to 100, advantageously from 3 to 100, and the 
corresponding cation is chemically or pharmaceutically acceptable. 
In particular, said starting (epi)K5-N-sulfate-derivatives are consisting of 
a chain mixture in which at least 90% of said chains have the aforesaid 
formula I, with a glucuronic units content from 100 to 40%, 
advantageously with a glucuronic acid content of 100% or 80-40% of 
glucuronic acid and 20-60% of iduronic acid, n is a integer from 2 to 
100, advantageously from 3 to 100 and the corresponding cation is 
chemically acceptable. Preferably, the glucuronic acid content is 
100% or out of the total of uronic acids 40-60% is glucuronic acid and 




(I) 
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60-40% is iduronic acid. 

Preferred starting materials ore LMW-(epi)K5-N-sulfates consisting of a 
chain mixture in v^h\c\n at least 90% of said chains have the formula I in 
which the uronic units are all consisting of glucuronic acid or are 40- 
60% comprised, preferably 50-55%. of iduronic acid, n is a integer from 
2 to 20. advantageously from 3 to 1 5 and the corresponding cation is 
chemically acceptable. The epiK5-N-sulfates, prepared by C5- 
epimerization of K5-N-sulfates. are well known and vs^dely described in 
literature. Their preparation by C-5 epimerization of the glucuronic unit 
of K5-N-sulfate with a D-glucuronyl C5 epimerase was described in 
documents cited herein above to illustrate the state of the art, for 
example in WO 92/17507. WO 98/14425. WO 97/43317. WO 01/72848 
and US 2002/0062019. However, according to a preferential manner of 
procedure, by epimerization a K5-N-sulfate is used obtained from a K5 
free of lipophilic substances as described in WO 02/068477 and the C5 
epimerization is performed with a D-glucuronyl C5-epimerase isolated, 
purified and immobilized on a solid support, at a pH of approximately 
7. at a temperature of approximately 30°C and for a time period of 12- 
24 hours in the presence of at least one bivalent ion selected among 
calcium, magnesium, barium and manganese as shown above. Also 
the K5-N-sulfate was shown herein above. 

The completely N-sulfated {epi)K5-N-sulfates of low molecular weight, 
in particular those in which the uronic units are all in glucuronic acid 
and those having an iduronic units content of 40-60%. preferably 50- 
55%. are instead all particularly advantageous new products as 
starting materials in the preparation of the N-acyl-(epi)K5-amine-0- 
oversulfate-derivatives according to the present invention. Said 
starting materials are LMW-(epi)K5-N-sulfates having an iduronic acid 
content of 0% or 40-60% as regards the total of the uronic acids and a 
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mean molecular weight from approximately 1,500 to approximately 
12,000, advar^tageously from approximately 1,500 to approximately 
8,000, preferably from approximately 1.500 to approximately 7,500; 
and ttieir ctiemically or phormaceutlcally acceptable salts. The 
distribution can range from approximately 1.000 to approximately 
10,000. 

Said LMW-(epi)K5-N-sulfates are advantageously consisting of a chain 
mixture in which at least 90% of said chains have the formula V 



in which the uronic units are 100% consisting of glucuronic acid or 60- 
40% of glucuronic acid and 40-60% of iduronic acid, q is a integer from 
2 to 20 and the corresponding cation is chemically or 
pharmaceutically acceptable. 

In this context, the term "chemically" refers to a cation usable in 
chemical synthesis, such as the ions sodium, ammonium, (Ci- 
C4)tetraalkylammonium, or for the purification of the product. 
Advantageous cations are those derived from alkaline metals, 
alkaline-earth metals, ammonium, (Ci-C4)tetraalkylammonium, 
aluminum and zinc. Preferred cations are the sodium, calcium and 
tetrabutylammonium Ions. 

Preferred starting materials are the new LMW-(epi)K5-N-sulfates 
consisting of a chain mixture in which the preponderant species has 
the formula I'a 




NHSO; 



OH 



q 
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(I'a) 



in which the uronic units are 100% consisting of glucuronic acid or 60- 
40% glucuronic and 40% to 60% of iduronic acid, p is a integer from 4 
to 8. The mean molecular weight of these products is from 
approximately 2000 to approximately 4000 and the corresponding 
cation is chemically or phormaceutically acceptable. 
In particular the new LMW-(epi)K5-N-sulfates are useful starting 
materials consisting of a chain mixture in which at least 90% of said 
chains have the formula 1' herein above, obtained by nitrous 
depolymerization of the corresponding (epi)K5-N-sulfates shown 
above and subsequent possible reduction for example with sodium 
borohydride. 

The origin of these (epi)K5-N-sulfates from a step of nitrous 
depolymerization involves, at the reducing end of the majority of the 
chains in said chain mixture, the presence of a 2,5-anhydromannose 
unit or, in case of reduction with for example sodiumborohydride, of 
2,5-anhydromannitol of structure (a) 



in which X represents a formyl group or a hydroxymethyl group. 
Therefore, the reducing end of the majority (60-70%) of the chains is 
actually represented by the structure (b) 




(a) 
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NHSO; (!)H ^ 

in which X is as defined above. 

The presence of the structure (a) does not have any Influence on the 
chenrtical characteristics of the (epi)K5-N-sulfates and their derivatives 
since any sulfations vs^ould involve a possible introduction of one or two 
sulfate groups which would not significantly change however the 
sulfation degree of the O-sulfated derivatives. Besides, the presence of 
the structure (a) does not influence biological activity of the products, 
as dennonstrated by 0stergaard P. B. et al. in Thronnbosis Research, 
1987, 45, 739-749 (0stergaard 1987) for heparins of low molecular 
weight. ' 

Particularly advantageous LMW-(epi)K5-N-sulfates according to the 
present invention are consisting of chain mixtures in which the 
preponderant species is a compound of formula I'b 



in which X is formyl or hydroxymethyl, m is 4, 5 or 6, the corresponding 
cation is one chemically or pharmaceutically acceptable ion, the 
uronic units are all of glucuronic acid or the glucuronic and iduronic 
units are present alternately, starting with a glucuronic or iduronic unit. 
In such case the Glucuronic/iduronic ratio is from 45/55 to 55/45, i.e. 
approximately 50/50. 

All the LMW-(epi)K5-N-sulfates herein shown above are new products 
which constitute an additional object of the present invention. 




(i'b) 
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The LMW-(epi)K5-N-sulfates. i.e. the LMW-K5-N-sulfates shown above 
and, unlike other epiK5-N-sulfates. for exannple as indicated in WO 
92/17507, also the LMW-epiK5-N-sulfates of the present invention, 
being virtually free of N-acetyl groups, do not have anticoagulant 
activity and have an interesting activity against the free radicals. 
Thanks to their lovy^ toxicity, the new LMW-K5-N-sulfates and LMW- 
epiK5-N-sulfates are active ingredients for the preparation of 
pharmaceutical compositions utilizable as adjuvants in the treatment 
of ischemic cardiopathy and for the treatment of radiation dermatitis 
or of cosmetic compositions useful as anti-ageing of the skin. 
When the LMW-(epi)K5-N-sulfates shown above ore used as starting 
materials for the O-oversulfation reaction, it is in any case preferred 
that. In their preparation by nitrous depolymerization as shown above, 
said depolymerization is followed by the reduction for example with 
sodium borohydride to give LMW-K5-N-sulfates characterized by 
terminal units (a) in which X is hydroxymethyl, since according to the 
process of the present invention said LMW-{epi)K5-N-sulfates are 
subjected to reactions of sulfation and acylation whose influence, of 
the 2,5-anhydromannose radical of structure (a) Is unknown on the 
formyl group, in which X represents formyl. 

Said starting materials are preferably used In sodium salt form, unless a 
salt is already available with a tertiary or quaternary organic base 
prepared according to step (a) shown above, preferably the 
tetrabutylammonium salt. 

According to the present invention, the starting {epi)-K5-N-sulfate- 
derivatives, preferably 100% N-sulfated. are subjected to the 
aforesaid steps (a) and (b), upon termination of which are isolated the 
corresponding, new (epi)K5-amine-0-oversulfate-derivatives, in which 
the amine is not substituted, normally in sodium salt form, which can 
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be transformed into another chemically or pharmaceuticolly 
acceptable salt. 

Thus, according to another of its aspects, the present invention refers 
to new (epi)K5-amine-0-oversulfate-derivatives and their chemically 
or pharmaceuticolly acceptable salts, obtainable by a process 
characterized in that 

(a) on (epi)K5-N-sulfate-derivative. in acidic form, is treated with a 
tertiary or quaternary organic base, letting the reaction mixture to 
stand for a time period of 30-60 minutes, maintaining the pH of the 
solution at a value of approximately 7 by addition of said tertiary or 
quaternary organic base and its salt is isolated with said organic base; 

(b) said salt of organic base of sold (epi)K5-N-sulfate-deri votive is 
treated with on O-sulfation reagent in the conditions of O-oversulfotion 
and the (epi)K5-amine-0-oversulfate-derlvatlve is isolated. 

The derivative thus obtained is generally an (epi)K5-amine-0- 
oversulfote-derivative having a mean molecular weight from 
approximately 4,500 to approximately 40,000, Isolated in sodium salt 
form which can be transformed into another chemically or 
pharmaceuticolly acceptable salt. Particularly advantageous salts ore 
those of alkaline metals, alkoline-eorth metals, of ammonium, (Ci- 
C4)tetraalkylammonium, aluminum and zinc and, among these, the 
salts of sodium, calcium and tetrobutylommonium are preferred. 
As already herein shown above, the degree of sulfation of the (epi)K5- 
amine-O-oversulfate-derivotives as obtained above depends on the 
configuration of the starting (epi)K5-N-sulfate-derivative, since the 
volume in the disocchoride chain of K5-N-sulfate-derivative. in which 
the uronic units are comprised exclusively of glucuronic acid, allows a 
oversulfotion which is less than that occurring with the epilC5-N-sulfate- 
derivotive. especially if the epimerizotion degree of the latter is 40-60% 
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of glucuronic acid and 60-40% of Iduronic acid. 

In fact it has been ascertained that, subjecting a K5-N-sulfate- 
derivative to the aforesaid steps (a) and (b) a KS-amine-O-oversulfate- 
derivative is obtained having a sulfation degree from 2.2 to 3, 
advantageously from 2.5 to 3, preferably from 2.7 to 2.9. 
Subjecting an epiK5-N-sulfate-derivative to the aforesaid steps (a) and 
(b) in which the iduronic acid content is 20-60%, preferably 40-60% of 
the total of the uronic acids, an epiK5-amine-0-oversulfate-derivative 
is obtained having a sulfation degree of at least 3.4, advantageously 
of at least 3.5, more advantageously from 3.55 to 4. preferably from 
3.55 to 3.8. 

These (epi)K5-amine-0-oversulfated-derivatives are useful products as 
intermediates in the preparation of their N-(C2-C4)acylated derivatives 
and as active ingredients basically free of activity on the coagulation 
parameters but having other interesting pharmacobiological 
properties, useful for the preparation of pharmaceutical compositions. 
For use of the epiK5-amine-0-oversulfate-derivatives of the present 
invention as active ingredients of pharmaceutical compositions, it is 
advantageous to prepare both derivatives of low molecular weight, 
with a mean molecular weight from approximately 3,000 to 
approximately 11,500, preferably from approximately 4,500 to 
approximately 8,500, with a molecular weight distribution of between 
approximately 1,000 and approximately 15,000. preferably between 
approximately 2,000 and approximately 10,000 and derivatives of high 
molecular weight, originating from the unfractionated K5, with a mean 
molecular weight from approximately 15,000 to approximately 45,000, 
preferably between approximately 20,000 and approximately 45,000, 
with a molecular weight distribution from approximately 2,000 to 
approximately 70,000. 
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Thus, according to another of its aspects the invention provides new 
active ingredients of pharmaceutical compositions consisting of 
(epi)K5-amine-0-oversulfate-derivatives consisting of chain mixtures in 
which at least 90% of said chains have the formula II 



in which n is a integer from 2 to 100, preferably from 3 to 100, R. R' and 
R" ore hydrogen or SO3-, the uronic units are all of glucuronic acid, for 
a sulfation degree of at least 2.2, advantageously from 2.2 to 3 or from 
2.3 to 3, more advantageously from 2.5 to 3, preferably from 2.7 to 2.9, 
or are 20-60% consisting of iduronic acid, for a sulfation degree of at 
least 3.4, advantageously of at least 3.5, more advantageously from 
3.55 to 4, preferably from 3.55 to 3.8 and the corresponding cation is 
chemically or pharmaceutically acceptable. 

Advantageous eplK5-amine-0-oversulfated-derivatives of extremely 
high degree of sulfation are consisting ofa chain mixture in which at 
least 90% of said chains have the formula II in which the uronic units 
ore 40-60% consisting of iduronic acid, n is a integer from 2 to 100, 
preferably from 3 to 100, with a mean molecular weight from 
approximately 2,000 to approximately 40,000, advantageously from 
approximately 4,500 to approximately 40,000. R is at least 40%. 
preferably 50-80% SO3-, R' and R" are both SO3- or one Is hydrogen and 
the other is 5-10% SOa-in monosulfate glucuronic acid and 10-15% SO3- 
in monosulfate iduronic acid, the degree of sulfation is more than 3.4 
and the corresponding cation is chemically or pharmaceutically 
acceptable. 

Preferred epiK5-amine-0-oversulfate-derivatives of very high degree 




In 
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of sulfation are the LMW-epiK5-amine-0-oversulfates consisting ofa 
chain nnlxture in which at least 90% of said chains have the formula W 



in which q is a integer fronn 2 to 20, R. R' and R" are hydrogen or S03% 
the uronic units are 20-60% comprised, preferably 40-60%, of iduronic 
acid, for a degree of sulfation from 3.55 to 4, and the corresponding 
cation is one chemically or phormaceutically acceptable ion. 
Are particularly interesting the chain mixtures of formula ir in which the 
uronic units are 40-60% comprised, preferably 50-55%, of iduronic acid, 
R is at least 40%, advantageously 50-80%, preferably approximately 
65% SOa-, R' and R" are both SOz- or one is hydrogen and the other is 5- 
10% SO3- in glucuronic acid and 10-15% SO3" in iduronic acid, n is a 
integer from 3 to 15, with a mean molecular weight from 
approximately 4,000 to approximately 8.000 and the corresponding 
cation is chemically or pharmoceutically acceptable, 
Among these LMW-epiK5-amine-0-oversulfates are preferred those 
consisting of a chain mixture in which the preponderant species has 
the formula ll'a 



in which p is a integer from 4 to 8, R, R' and R" are as defined above, 
the degree of sulfation is from 3.55 to 4 and the corresponding cation 
is chemically or pharmoceutically acceptable- 
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The origin of the new LMW-epiK5-amine-0-oversulfated from LMW- 
epiK5-N-sulfates obtained by nitrous de polymerization and subsequent 
reduction with, for example, sodium borohydride, involves, at the 
reducing end of the majority of the chains in said chain mixture, the 
presence of a sulfated 2,5-anhydromannitol unit of structure (a') 



in which R" represents hydrogen or SO3-. 

Thus, the reducing end of the majority of the chains In said chain 
mixture Is represented by the structure (b') 



In which the uronic unit can be glucuronic or iduronic. 
Among the aforesaid new LMW-eplK5-amine-0-oversulfates. are 
preferred those consisting of mixtures In which the preponderant 
species is a compound of formula ll'b 



in which R, R* and R" are hydrogen or SO3-, X" is OH or OSO3-. m is 4, 5 
or 6, the uronic units are 40-60% consisting of Iduronic acid, for a 
degree of sulfation from 3.55 to 4. the iduronic units being present 
alternately, starting with a glucuronic or iduronic unit, and the 
corresponding cation is one chemically or pharmaceutlcally 
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acceptable ion. 

According to cnotlier of its aspects the invention provides new K5- 
amine-O-oversulfate-derivatives consisting of chain nnixtures in which 
at least 90% of said chains have the formula III 



in which n is a integer from 2 to 100, preferably from 3 to 100, R, R' and 
R" are hydrogen or SOr. the degree of sulfation is at least 2.2, 
advantageously from 2.2 to 3 or from 2.3 to 3, more advantageously 
from 2,5 to 3, preferably from 2.7 to 2.9 and the corresponding cation 
is chemically or pharmaceutically acceptable. 

Preferred K5-amine-0-oversulfates ore the LMW-K5-amine-0- 
oversulfates consisting of chain mixtures in which at least 90% of said 
chains have the formula III' 



in which q is a integer from 2 to 20, R, R' and R" represent hydrogen or 
an SO3- group, for a sulfation degree of at least 2.2, advantageously 
from 2.2 to 3 or from 2.3 to 3, more advantageously from 2.5 to 3, 
preferably from 2.7 to 2.9 and the corresponding cation is one 
chemically or pharmaceutically acceptable ion. 
Among these LMW-K5-amine-0-oversulfates are preferred those 
consisting of a chain mixture in which the preponderant species has 
the formula IH'a 




In 
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COO" 



(lira) 



— jp 



in which p is a integer fronn 4 to 8, R, R' and R" are as defined above, 
the degree of sulfation is at least 2.2, advantageously from 2.2 to 3 or 
fronn 2.3 to 3, more advantageously from 2.5 to 3, preferably from 2.7 
to 2.9 and the corresponding cation is chemically or pharmoceuticolly 
acceptable. 

The origin of the new LMW-K5-amine-0-oversulfated from LMW-K5- 
sulfates obtained by nitrous depolymerization and subsequent 
reduction with, for example, sodium borohydride, involves, at the 
reducing end of the majority of the chains in said chain mixture, the 
presence of o sulfated 2,5-anhydromannitol unit of structure (a*) as 
shown above, in which R*' represents hydrogen or SO3-. 
Thus, the reducing end of the majority of the chains in said chain 
mixture is represented by the structure (b') as shown above, in which 
the uronic unit is still of glucuronic acid. 

Among the aforesaid new LMW-K5-amine-0-oversulfates, ore 
preferred those consisting of mixtures in which the preponderant 
species is a compound of formula lll'b 



H2OSO3" 




(iii'b) 



CH2OSO3" 



In which R, R' and R" are hydrogen or SOr, X" is OH or OSO3-, for a 
sulfation degree of at least 2.2, advantageously from 2.2 to 3 or from 
2.3 to 3, more advantageously from 2.5 to 3, preferably from 2.7 to 2.9, 
m is 4, 5 or 6 and the corresponding cation is one chemically or 



33 



wo 2003/106505 



PCT/IB2003/002339 



pharmaceutically acceptable Ion. 

These LMW-K5-amlne-0-oversulfated are new products useful as 
intermediates in the preparation of their N-sulfoted or N-acyloted 
derivatives but themselves have interesting pharmacological 
properties. In particular as anti-free radicals and microbicides and, as 
such, constitute new active ingredients of pharmaceutical 
compositions which constitute therefore an additional aspect of the 
present invention. 

In particular, according to another of its aspects, the invention 
concerns the use of the aforesaid (epi)K5-amine-0-oversulfate- 
derivatives with a high degree of sulfation for the preparation of new 
N-substituted epiK5-amine-0-oversulfate-derivatlves. 
The N-acyl-(epi)K5-amine-0-oversuifate-derivatives according to the 
present invention ore obtained by subjecting the (epi)K5-amine-0- 
oversulfate-derivotives to the step (c) of the process of the present 
invention. 

Thus, according to one of Its additional aspects, the present invention 
provides new N-acyl(epi)K5-amine-0-oversulfate-derivatlves 
obtainable by a process characterized in that 

(a) an (epi)K5-N-sulfate-derivative, In acidic form. Is treated with a 
tertiary or quaternary organic base, letting the reaction mixture to 
stand for a time period of 30-60 minutes, maintaining the pH of the 
solution at a value of 7 by addition of said tertiary or quaternary 
organic base and its salt is isolated with said organic base; 

(b) said salt of organic base of said (epi)K5-N-sulfate-derivative Is 
treated with an O-sulfation reagent In the conditions of O- 
oversulfotion; 

(c) the product thus obtained is treated with a functional derivative of 
a {C2-C4) carboxylic acid, the N-acyl-(epi)K5-amine-0-oversulfate- 
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derivative thus obtained is isolated. Generally the N-acyl-(epj)K5- 
omine-O-oversulfate-derivative is isolated in sodium salt form and 
optionally said sodium salt is transformed into another chemically or 
pharmaceutically acceptable salt. 

As occurs for the {epi)K5-amine-0-oversulfate-derivatives, also the 
degree of sulfation of the N-acyl-(epi)K5-amlne-0-oversulfate- 
derivatives as obtained above depends on the configuration of the 
starting {epi)K5-N-sulfate-derivative, since the volume in the 
disaccharide chain of K5-N-sulfate-derivative, in v^hich the uronic units 
ore comprised exclusively of glucuronic acid, allows a oversulfation 
which is less than that occurring with the epiK5-N-sulfate-derivative, 
especially if the epimerization degree of the latter is 40-60% of 
glucuronic acid and 60-40% of iduronic acid. 

In fact, it has been ascertained that, subjecting a K5-N-sulfate- 
derivative to the aforesaid steps (a)-(c) an N-acyl-K5-amlne-0- 
oversulfate-derivative is obtained having a degree of sulfation from 
2.2 to 3. advantageously from 2.5 to 3. preferably from 2.7 to 2.9. 
Subjecting an epiK5-N-sulfate-derivative to the aforesaid steps (a), (b) 
and (c) in which the iduronic acid content is 20-60% of the total of the 
uronic acids, N-acyl-epiK5-amine-0-oversulfate-derivatives are 
obtained having a sulfation degree of at least 3.4, advantageously of 
at least 3.5, more advantageously from 3.55 to 4, preferably from 3.55 
to 3.8. 

Thus, according to another of its aspects, the present invention 
provides new N-acyl-(epl)K5-amine-0-oversulfate-derivatives in which 
the acyl is a (C2-C4) carboxylic acid, having a mean molecular weight 
from approximately 2.000 to approximately 45.000, preferably 
between approximately 4,500 and approximately 40,000, a degree of 
sulfation as indicated above, said derivatives being basically inactive 
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on the coagulation parameters but useful active ingredients of 
pharmaceutical or cosmetic compositions. 

For use of the N-acyl-epiK5-amine-0-oversulfate-derivatives of the 
present invention as pharmaceutical or cosmetic products it is 
advantageous to prepare both derivatives of low molecular weight, 
with a mean molecular weight from approximately 3.000 to 
approximately 11.500. preferably from approximately 4,500 to 
approximately 8.500, with a molecular weight distribution of between 
approximately 1,000 and approximately 15.000, preferably between 
approximately 2,000 and approximately 10,000 and derivatives of high 
molecular weight, originating from the unfractionated K5, with a mean 
molecular weight from approximately 15,000 to approximately 45,000, 
preferably between approximately 20,000 and approximately 45,000, 
with a molecular weight distribution from approximately 2,000 to 
approximately 70.000. 

In the N-acyl-epiK5-amine-0-oversulfate-derivatives of the present 
invention, the degree of sulfation is very high, since on the 4 free 
hydroxyls available per disaccharide unit, at least 3.4, preferably from 
3.5 to 3.8, are sulfated, whereas the nitrogen of the glucosamine is 
virtually 100% acylated. Besides, the N-acyl-epiK5-amine-0- 
oversulfate-derivatives are 100% 6-O-sulfated and 50-80% 3-O-sulfated 
in their glucosamine units, 5-10% 3-O-monosulfated in glucuronic units. 
10-15% O-monosulfated in iduronic units and 2.3-di-O-sulfated in the 
remaining uronic units, considering that the degree of sulfation is at 
least 3.4. 

The N-acyl-K5-amine-0-oversulfate-derivatives which, as indicated 
above, have a degree of sulfation from 2.2 to 3. are at least 90% 6-O- 
sulfated. 

According to another of its aspects, the invention provides new N- 
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acyl-eplK5-amjne-0-oversulfate-derivatives consisting of chain 
mixtures in which at least 90% of said chains have the fornnula IV 

CHjOSO; coQ- 



in v/hich the uronic units are 20-60% consisting of iduronic acid, n is a 
integer from 2 to 100. preferably from 3 to 100, R, R' and R" are 
hydrogen or SO3-, Z is(C2-C4)acyl, the degree of sulfation is at least 3.4, 
advantageously of at least 3.5, more advantageously from 3.55 to 4, 
preferably from 3.55 to 3.8 and the corresponding cation is chemically 
or pharmaceutically acceptable. 

Advantageous N-acyl-epiK5-amine-0-oversulfate-derivatives of 
extremely high degree of sulfation are consisting ofa chain mixture in 
which at least 90% of said chains have the formula IV in which the 
uronic units are 40-60% consisting of iduronic acid, n is a integer from 2 
to 100. preferably from 3 to 100. with a mean molecular weight from 
approximately 2,000 to approximately 45,000, advantageously from 
approximately 4,500 to approximately 45,000, R is at least 40%, 
preferably 50-80% SO3-. R' and R" are both SO3- or one is hydrogen and 
the other is 5-10% SOa in monosulfate glucuronic acid and 10-15% SO3- 
in monosulfate iduronic acid, the degree of sulfation is more than 3.4 
and the corresponding cation is chemically or pharmaceutically 
acceptable. 

The N-acyl-epiK5-amine-0-oversulfate-derivatives of extremely high 
degree of sulfation of particular interest are N-acyl-LMW-epiK5-amine- 
O-oversulfates consisting ofa chain mixture in which at least 90% of 
said chains have the formula IV' 
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in which q is a integer from 2 to 20, R, R' and R" represent hydrogen or 
an SOa group for a degree of sulfation from 3.55 to 4. 1 is (C2-C4)acyl, 
and the coaesponding cation is one chemically or pharmaceutically 
acceptable ion. 

Chain mixtures of formula IV in which the uronic units are 40-60% 
comprised, preferably 50-55%, of iduronic acid, R is at least 40%, 
advantageously 50-80%, preferably approximately 65% SO3-, R' and R" 
are both SO3- or one is hydrogen and the other is 5-10% SO3- in 
glucuronic acid and 10-15% SO3- in iduronic acid, q is a integer from 3 
to 15, with a mean molecular weight from approximately 4,500 to 
approximately 9,000 and the corresponding cation is chemically or 
pharmaceutically acceptable are preferred. 

Other particularly interesting N-acyl-LMW-epiK5-amine-0-oversulfates 
are those of very low molecular weight, consisting of a chain mixture in 
which the preponderant species is a compound of formula IVa 



in which p is a integer from 4 to 8, R. R' and R" are hydrogen or an SO3- 
group for a degree of sulfation from 3.55 to 4, Z is (C2-C4)acyl, and the 
corresponding cation is one chemically or pharmaceutically 
acceptable ion. 

The origin of the new N-acyl-LMW-epiK5-amine-0-oversulfates from 
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LMW-epiK5-sulfates obtained by nitrous depolymerization and 
subsequent reduction with, for example, sodium borohydride, involves, 
at the reducing end of the majority of the chains in said chain mixture, 
the presence of a sulfated 2,5-anhydromannitol unit of structure (a') 
defined above, in v/hich R" represents hydrogen or SO3-. 
Thus, the reducing end of the majority of the chains in said chain 
mixture is represented by the structure (b") 



in which Z represents (C2-C4)acyl and the uronic unit can be 
glucuronic or iduronic. 

Among the aforesaid nevs^ N-acyl-LMW-epiK5-amine-0-oversulfates, 
are preferred those consisting of mixtures in v^hlch the preponderant 
species is a compound of formula IV' b 



in which R, R' and R" are hydrogen or SO3-, Z is (C2-C4)acyl, X" is OH or 
OSO3-, m is 4, 5 or 6, for a degree of sulfation from 3.55 to 4, the uronic 
units are present alternately, starting with a glucuronic or iduronic unit, 
and the corresponding cation is one chemically or pharmaceutically 
acceptable ion. 

Said cations are advantageously those of alkaline metals, alkaline- 
earth metals, of ammonium, (Ci-C4)tetraalkylammonium, aluminum 
and zinc and, among these, preferably the salts of sodium, calcium 
and tetrabutylammonium. 

In all the N-acyl-epiK5-amine-0-oversulfates shown above, in 
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particular those of formula IV, IV', IV'o, IV'b, as also In the structure b". 
the acyl group (Z) is preferably a (C2-C4)acyl selected among the 
group consisting of acetyl, (2-carboxy) acetyl, (2- 
methoxycarbonyljacetyl, (2-ethoxycarbonyl)acetyl, propionyl. (3- 
carboxy)propionyl, N-(3-methoxycarbonyl) propionyl and (3- 
ethoxycarbonyl) propionyl . 

According to another of its aspects, the invention provides new N- 
acyl-K5-amine-0-oversulfate-derivatlves consisting of chain mixtures in 
v/hich at least 90% of said chains hove the formula V 



in which n is a integer from 2 to 100, preferably from 3 to 100, Z is (C2- 
C4)acyl. R, R' and R" are hydrogen or SO3-. the degree of sulfation is at 
least 2.2, advantageously from 2.2 to 3 or from 2.3 to 3, more 
advantageously from 2.5 to 3, preferably from 2.7 to 2.9 and the 
corresponding cation is chemically or pharmaceutically acceptable. 
Particularly interesting are new N-acyl-LMW-K5-amine-0-oversulfates 
consisting of chain mixtures in which at least 90% of said chains have 
the formula V 



in which q is a integer from 2 to 20, Z is {C2-C4)acyl. R, R' and R" 
represent hydrogen or an SO3- group for a sulfation degree of at least 
2.2, advantageously from 2.2 to 3 or from 2.3 to 3, more 
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advantageously from 2.5 to 3, preferably from 2.7 to 2.9 and the 
corresponding cation is one chemically or phormaceutically 
acceptable ion. 

Among these N-acyl-LMW-K5-amine-0-oversulfates are preferred 
those consisting of a chain mixture in which the preponderant species 
has the formula V'o 



in which p is a integer from 4 to 8, Z is {C2-C4)acyl, R, R' and R" ore as 
defined above, the degree of sulfation is at least 2.2, advantageously 
from 2.2 to 3 or from 2.3 to 3, more advantageously from 2.5 to 3, 
preferably from 2.7 to 2.9 and the corresponding cation is chemically 
or pharmoceuticolly acceptable. 

The origin of the new N-acyl-LMW-K5-amlne-0-oversulfates from LMW- 
K5-sulfates obtained by nitrous depolymerization and subsequent 
reduction with, for example, sodium borohydride, involves, at the 
reducing end of the majority of the chains in sold chain mixture, the 
presence of a sulfated 2,5-anhydromannitol unit of structure (a*) as 
shown above, in which R" represents hydrogen or SOa^. 
Thus, the reducing end of the majority of the chains in said chain 
mixture is represented by the structure (b'") 



in which 1. R, R' and R" are as defined above. 

Among the aforesaid new N-acyl-LMW-K5-amine-0-oversulfates, are 
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preferred those consisting of mixtures in which the preponderant 
species is a compound of formula V'b 




in which Z is (C2-C4)acyl, R. R' and R" are hydrogen or SOs", X" is OH or 
OSO3-. for a sulfation degree of at least 2.2, advantageously from 2.2 
to 3 or from 2.3 to 3, more advantageously from 2.5 to 3, preferably 
from 2.7 to 2.9, m is 4, 5 or 6 and the corresponding cation is one 
chemically or phormaceutically acceptable ion. 
In all the N-acyl-K5-amine-0-oversulfates shown above, in particular 
those of formula V. V, V'a, V'b, as also in the structure b"'. the ocyi 
group (Z) is preferably a (C2-C4)acyl selected among the group 
consisting of acetyl, (2-carboxy) acetyl, {2-methoxycarbonyl) acetyl, (2- 
ethoxycarbonyl) acetyl. propionyl, (3-carboxy)propionyl, N-(3- 
methoxycarbonyljproponyl and (3-ethoxycarbonyl)proponyl. 
Particularly interesting are the N-acyl-K5-amine-0-oversulfates shown 
above in which Z is a (C2-C4)acyl different from acetyl. Also interesting 
and particularly active are the N-acyl-K5-amine-0-oversulfates shown 
above, in which Z is acetyl, having a degree of sulfation of 2.7-2,9, 
preferably of approximately 2.8. 

The new N-acyl-(epi)K5-amine-0-oversulfate-derivatives, especially in 
their salts form, ore highly anionic products able to capture the free 
radicals. These con be used in the cosmetics industry as coadjuvants 
against hair loss or to prepare "anti-ageing" creams, but are above all 
useful in the pharmaceutical industry, as products for the treatment of 
dermatitis and as microbicides. 

Thus, according to one of its additional aspects, the present invention 
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provides pharmaceutical compositions Including, as one of their 
active ingredients, a pharmacologically active amount of an N-acyl- 
{epi)K5-amlne-0-oversulfate-derivative as shown above or of one of its 
pharmaceutlcally acceptable salts. In mixture with a pharmaceutical 
exclplent. 

In the pharmaceutical compositions of the present Invention for oral, 
subcutaneous. Intravenous, transdermal or topical administration, the 
active ingredients are preferably administered in the form of dosage 
units, in mixture with the classic pharmaceutical excipients or vehicles. 
The dose regimen can vary widely depending on the age, the weight 
and health condition of the patient. This dose regimen includes the 
administration of a dose from 1 to 1000 mg. advantageously from 10 
to 750 mg, preferably 250 to 500 mg from one to three times a day by 
intravenous, subcutaneous, oral, transdermal or topical administration. 
The present invention also provides a cosmetic composition including 
an effective amount of an N-acyl-(epi)K5-amine-0-oversulfated- 
derivative or one of its pharmaceutically acceptable salts, in mixture 
with a cosmetic excipient. 

Besides, the present Invention provides a pharmaceutical composition 
including, as one of Its active ingredients, an (epi)K5-amlne-0- 
oversulfate-derivative obtainable according to steps (a) and (b) of 
the process described above, or one of its pharmaceutically 
acceptable salts. In mixture with a pharmaceutical excipient. 
Advantageously, said (epi)K5-amine-0-oversulfate-derivatlve is 
consisting of a chain mixture In which at least 90% of said chains have 
the formula II, H', III or III' or In which the preponderant species is a 
compound of formula lla. H'a ,lll'a or lll'b. Preferred active ingredient is 
a lmw-K5-amine-0-oversulfate having a degree of sulfation from 2.2 to 
3, advantageously having a mean molecular weight from 
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approximately 3,500 to approximately 1 1 .000, more advantageously 
from approximately 3,500 to approximately 5,200 and basically free of 
N-acetyl and N-sulfate groups. 

In the pharmaceutical compositions of the present invention for oral, 
subcutaneous, intravenous, transdermal or topical administration, the 
active Ingredients {epi)K5-amine-0-oversulfate-derivatives are 
preferably administered in the form of dosage units, in mixture vs^ith the 
classic pharmaceutical excipients or vehicles. The dose regimen can 
vary widely depending on the age, the weight and health condition 
of the patient. This dose regimen includes the administration of a dose 
of an {epi)K5-amine-0-oversulfate-derivative from 1 to 1000 mg, 
advantageously from 10 to 750 mg, preferably 250 to 500 mg from one 
to three times a day by intravenous, subcutaneous, oral, transdermal 
or topical administration. 

The pharmaceutical compositions including an {epi)K5-amine-0- 
oversulfate-derivative such as those shown above are formulated with 
the classic excipients suitable for different ways of administration. 
Particularly advantageous are the formulations in the form of creams, 
ointments, liniments, gels, foams, balsams, vaginal pessaries, 
suppositories, solutions or suspensions suitable for local administration. 
Finally, the present invention provides a pharmaceutical composition 
containing, as one of its active ingredients, a pharmacologically 
active amount of a lmw-(epi)K5-N-sulfate, i.e. of a lmw-K5-N-sulfate or 
of a lmw-eplK5-N-sulfate as shown above or of one of their 
pharmaceutically acceptable salts, in mixture with a pharmaceutical 
excipient. 

In the pharmaceutical compositions of the present invention for oral, 
subcutaneous, intravenous, transdermal or topical administration, the 
active ingredients are preferably administered In the form of dosage 
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units, in mixture with the classic pharmaceutical excipients or vehicles. 
The dose regimen can vary v^idely depending on the age, the weight 
and health condition of the patient. This dose regimen includes the 
administration of a dose from 1 to 1000 mg. advantageously from 10 
to 750 mg, preferably 250 to 500 mg from one to three times a day by 
Intravenous, subcutaneous, oral, transdermal or topical administration. 
According to another of its aspects, the present invention also 
provides a cosmetic composition containing, as one of its active 
ingredients, an effective amount of a lmw-K5-N-sulfate or LMW-epiK5- 
N-sulfate or of one of its pharmaceutically acceptable salts, in mixture 
with a cosmetic excipient. 

Advantageously, said LMW-(epi)K5-N-sulfate-derivative is consisting of 
a chain mixture In which at least 90% of said chains have the formula I. 
or r, or in which the preponderant species is a compound of formula 
I'a, or I'b. Preferred active ingredient is a lmw-(epi)K5-N-sulfate- 
derivative having a mean molecular weight from approximately 1 ,000 
to approximately 12,000, advantageously from approximately 1,500 to 
approximately 8,000, preferably from approximately 1,500 to 
approximately 7.500 and basically free of N-acetyl groups. 
A salt selected from the group consisting of salts of alkaline metals or 
alkaline-earth metals, of ammonium. (Ci-C4)tetraalkylammonium, 
aluminum or zinc, in particular the salt of sodium, potassium, calcium, 
magnesium, aluminum or zinc constitutes an effective active 
Ingredient of the compositions of the present invention. 
The following examples illustrate the Invention without however limiting 
It. 

PREPARATION I 

LMW-epiK5-N-sulfate 

a) Epimerization of K5-N-sulfate 
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2 g of K5 N-sulfate, obtained as described in Example 1 , steps (i) and 
(ii), of WO 02/068477. are dissolved In 120 ml of 25 mM HEPES buffer, pH 
7, containing 50 mM CaCI2. The solution obtained is made to 
recirculate through a 50 ml column filled with the resin containing the 
immobilized enzyme obtained as described in WO 96/14425. This 
operation is carried out at 30PC with a flow of 200 ml/h for 24 hours. 
The product obtained is purified through ultrafiltration over a 1000 D 
membrane and passage over an Ionic exchange column IR 120 H+, 
neutralizing the eluate with IN NaOH. The sample is recovered by 
precipitation with ethanol or acetone. 

An epimerized product is obtained with an iduronic acid/glucuronic 
acid ratio of 55/45 against a ratio of 0 /1 00 of the starting product. The 
percentage of epimerization was calculated with iH-RMN according 
to the method described in WO 96/14425. The yield, calculated by 
measuring the content of uronic acids against a standard with the 
carbazole method (Bitter and Muir Anal. Biochem. 39. 88-92-1971) is 
90%. 

bj Depolymerization of epi-K5-N-sulfate 

1 g of product obtained in step (a) is depolymerized by the 
degradation method with nitrous acid and subsequent reduction of 
the aldehyde which forms. In particular one continues by dissolving 
the product in 25 ml of distilled water and adding it with 230 mg of 
sodium nitrite dissolved in 11 5 ml of distilled water. The solution is then 
brought to 4°C and the pH to 2 with 0.1 N HCI and maintained for 30 
minutes. At the end of the reaction the solution is brought to room 
temperature and the pH to 7 vy^'th 0.1 M NaOH. The solution Is then 
added with 450 mg. of NaBH4 and reacted for 4 hours. The product is 
recovered by precipitation with 3 volumes of acetone at 4''C. filtration 
with filtering funnel and dried at 40* C in a vacuum oven. 900 mg of 
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LMW-epiK5-N-sulfate are obtained with a molecular weight distribution 
measured with HPLC method which ranges from 1,000 to 4,000 and 
with a glucuronic unit content of 45% and iduronic unit content of 55%. 
PREPARATION II 
LMW-K5-N-sulfate 

The product obtained as described in Example 1, steps (1) and (ii), of 
WO 02/068477 is depolymerized by the degradation method with 
nitrous acid and subsequent reduction of the aldehyde which forms. 
One continues by dissolving 1 g of K5-N-sulfate in 200 ml of distilled 
water and adding it with 480 mg of sodium nitrite dissolved in 240 ml of 
distilled water. The solution is then brought to 4°C and the pH to 2 with 
0.1 N HCI and maintained for 30 minutes. At the end of the reaction 
the solution is brought to pH 7 with 0.1 M NaOH and then to room 
temperature. The solution is then added with 450 mg. of NaBH4 and 
reacted for 4 hours. The excess NaBH4 is eliminated with HCI bringing 
the pH to 5-6. The product, neutralized with 0.1 M NaOH, is recovered 
by precipitation with 3 volumes of acetone at 4*^0, filtration with 
filtering funnel and dried at 40* C in a vacuum oven. 900 mg of LMW- 
K5-N-sulfate are obtained with a mean molecular weight of 
approximately 2,000, consisting of a chain mixture in which the 
preponderant species is a compound of formula I'b in which nri is 4 
and the uronic units are those of glucuronic acid. 
PREPARATION III 

(a) Depolymerization of K5-N-sulfate 

2 g of K5-N-sulfate obtained as described in Example 1 , steps (i) and 
(ii), of WO 02/068477 is depolymerized as described in PREPARATION II. 
utilizing 100 mg of sodium nitrite and 300 mg. of sodium borohydride. 
1.8 g. of LMW-K5-N-sulfate are obtained with a mean molecular 
weight of 5.000 
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(b) Epimerization of LMW-K5-N-sulfafe 

1 g of LMW-K5 N-sulfate obtained in step (a) is treated as described in 
step (a) of the Example 1 . An epimerized product is obtained witti an 
iduronic acid/glucuronic acid ratio of 44/56 against a ratio of 0/100 of 
the starting product, with a molecular weight distribution from 2.000 to 
10,000 and with a mean molecular weight of 5.000 D. The yield, 
calculated by measuring the content of uronic acids against a 
standard with the carbazole method (Bitter and Muir Anal. Biochem. 
39, 88-92-1971) is 90%. 
PREPARATION IV 

Preparation of an epiKS-N-sulfafe 

A solution of 10 g of K5-N-sulfate obtained as described in Example 1, 
steps (i) and (ii). of WO 02/068477 In 600 ml of 25 mM HEPES buffer at 
pH 7, containing CaCb at a concentration of 50 mM is made to 
recirculate through a 50 ml column filled with Sepharose 4B resin 
containing 5 g of recombinant C5-epimerase (WO 96/14425) 
immobilized as described in WO 01/72848. The reaction is carried out 
at 30*0 at pH 7 with a flow of 200 ml/h for 24 hours. The product 
obtained is purified by ultrafiltration and precipitation with ethonol. 
Thus an epilC5-N-sulfate is obtained whose iduronic acid content is 
54%. 

PREPARATION V 

Preparation of a lmw-epiK5-N-sulfate 

1 g of product obtained in PREPARATION IV is depolymerized by the 
degradation method with nitrous acid and subsequent reduction of 
the aldehyde which forms. In particular one continues by dissolving 
the product in 25 ml of distilled water and adding it with 230 mg of 
sodium nitrite dissolved in 115 ml of distilled water. The solution is then 
brought to 4*0 and the pH to 2 with 0.1 N HCI and maintained for 30 
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minutes. At the end of the reaction the solution is brought to room 
temperature and the pH to 7 with 0.1 M NaOH. The solution is then 
added with 450 mg. of NoBHa and reacted for 4 hours. The product is 
recovered by precipitation with 3 volumes of acetone at 4°C, filtration 
with filtering funnel and dried at 40" C in a vacuum oven. 900 mg of 
LMW-epiK5-N-sulfate are obtained with a molecular weight distribution 
measured with HPLC method which ranges from 1 ,000 to 4,000. 
EXAMPLE 1 

£p/X5-am/ne-0-oversu/fate 

(a) Tetrabutylammonium salt of epi K5-N-sulfate 

A solution of 400 mg of epiK5-N-sulfate with on iduronic acid content 
of 54% as obtained in PREPARATION IV in 40 ml of water is 
thermostated at 4*C, then passed over an ionic exchange resin IR 1 20 
H+ preconditioned with water at 4*0. The eluate obtained, consisting 
of 100 mi of a solution at pH 1.94, is neutralized with a solution of 15% 
tetrabutylammonium hydroxide and left at room temperature for one 
hour, maintaining the pH at 7 by addition of 15% tetrabutylammonium 
hydroxide and finally is lyophilized. Thus 805 mg of 
tetrabutylammonium salt of epiK5-N-sulfate are obtained. 

(b) Epi-K5-amine-0-oversulfate 

To a solution containing the 805 mg of the salt thus obtained in 30 ml 
of dimethylformamide is set at 55°C and treated with 30 ml of 
dimethylformamide containing 2.26 g of pyridine.SOa adduct. The 
reaction at 55*C is continued overnight then 60 ml of water are added 
to the mixture. After neutralization v^th IN NaOH, the product is 
precipitated with 3 volumes of acetone saturated with NaCI and set 
at 4*0 overnight. The precipitate is recovered by filtration on guch G4 
and then ultrafiltered with 1000 D Millipore TFF system and dried at 
reduced pressure. 550 mg of epi-K5-amine-0-oversulfated ore 
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obtained having a content of iduronic acid of 54%, of glucosamine-6- 
O-sulfate of 100%, of glucosamine 3-O-sulfate of 60%, of monosulfate 
glucuronic acid of 10%, of monosulfate iduronic acid of 15%, the rest 
of the uronic units being disulfated, with a sulfation degree of 3.55 
measured with the conductometric method according to Casu et ol. 
1975. 

EXAMPLE 2 

N-Acefyl-epiKS-amine-O-oversulfote 

To a solution of 250 mg of epi-K5-amine-0-oversulfate obtained in 
Example 1 in 75 ml of water and cooled to A^'C are added 7.5 ml of 
methanol and 3.75 ml of acetic anhydride. The reaction is kept at 4®C 
for 2 hours maintaining the pH at a value of 7 with 5M NaOH. After 
ultrafiltration on 1,000 D membrane are added 3 volumes of acetone 
saturated with sodium chloride and the precipitate is recovered by 
centrifugation at 5,000 rpm for 5\ Thus 249 mg of N-acetyI-epiK5- 
amine-O-oversulfated ore obtained with on iduronic acid content of 
54%, glucosamine-6-O-sulfate of 100%, N-acetyl of 100%, glucosamine 
3-O-sulfate of 60%, monosulfate glucuronic acid of 10%, monosulfate 
Iduronic acid of 15%, the rest of the uronic units being disulfated, and 
whose sulfation degree is 3.5 measured with the conductometric 
method according to Casu et al. 1975. 
EXAMPLE 3 

N-acetyl-KS'Qmine'O-oversulfate 

1 gr of K5 N,0 oversulfate obtained in Example 2 of WO/02068477 is 
dissolved in 200 ml of water and the solution is brought to pH 2 with 1 N 
HCI and thermostated at 50''C. The reaction is kept at 50 ""C for 3 hours 
and then cooled to room temperature and neutralized with IN NoOH. 
The sample is then cooled to 4''C and 20 ml of MeOH and 10 ml of 
acetic anhydride ore added to the reaction which is left at 4°C for 2 
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hours maintaining tine pH constantly at 7. At the end of the reaction 
the sample is purified from salts by ultrafiltration on a membrane with a 
1000 D cut off and then recovered by dried at reduced pressure. A 
100% N-acetylated product is obtained, 100% 6-0 sulfate. 30% 
monosulfate and 70% disulfate on the glucuronic acid is obtained. 
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